The MI, Chromocult ® coliform, and Compass CC chromogenic culture-based methods used to assess water quality by the detection of Escherichia coli and total coliforms were compared in terms of their specificity and sensitivity, using 16S rRNA sequencing for colony identification. A sewage water sample was divided in 2-μL subsamples for testing by all three culture-based methods. All growing colonies were harvested and subjected to 16S rRNA sequencing. Test results showed that all E. coli colonies were correctly identified by all three methods, for a specificity and a sensitivity of 100%.
INTRODUCTION
To assess water quality, methods based on the enzymatic properties of coliforms are used. The β-galactosidase enzyme is used because conventional coliform monitoring is based on the detection of the presence of β-galactosidase whereas the β-glucuronidase enzyme is used because the gene encoding this enzyme (uidA) was found to be specific (Brenner et al. ) and present in more than 97% of enzyme activities used to detect, within 24 h, E. coli and total coliforms in water samples. These tests are easy to use, require no additional confirmatory step and provide a more rapid estimate of indicators of the bacteriological contamination of water compared to classical techniques (Edberg et al. ; Brenner et al. , a, b; Horman & Hanninen ; Pitkanen et al. ) . Different collections of strains were tested with each commercial βgalactosidase and β-glucuronisade-based test method to establish their ability to recover total coliforms and E. coli strains. All of these methods were found to be at least as efficient as classical reference methods (Rice et al. , , ; Landre et al. ) .
Before the use of chromogenic culture-based methods, the presence of high numbers of background heterotrophic bacteria and excessive crowding of colonies was shown to decrease coliform recovery by membrane filtration techniques using mEndo LES agar ( containing an increasing concentration of a non-target bacterium. They showed that the growth of E. coli colonies on these three chromogenic culture-based methods is inhibited by the growth of high concentrations of nontarget microorganisms. They also showed that the E. coli detection was influenced by (1) the chromogenic agents chosen and (2) the composition of the medium. However, Maheux et al.'s (b) study was conducted using a total coliform strain and bacteria found as heterotrophic on non-chromogenic culture-based methods. Thus, even if the level of inhibition using non-target microorganisms has been established, the results obtained may not reflect totally the situations observed using real water samples since atypical bacteria growing on chromogenic culturebased methods could be different to those tested by Maheux et al. (b) .
To our knowledge, no study has yet been conducted to identify the heterotrophic bacteria that grow on different chromogenic culture-based methods that could interfere with the growth and detection of E. coli and total coliforms. Furthermore, there is no study comparing the limits (specificity, sensitivity) of these three methods using 16S rRNA sequencing as the gold standard for colony identity.
In this study, we first compared MI agar, Chromocult ® coliform agar, and Compass CC agar, in terms of specificity and sensitivity, using 16S rRNA sequencing to identify growing colonies. Second, we compared the three methods for their ability to limit the growth of atypical colonies, ease of use, and affordability. The identity of atypical colonies harvested for each method has also been investigated.
MATERIALS AND METHODS

Water sample
The sewage water sample used in this study was harvested at the discharge of the grit chambers of the west wastewater treatment plant of Québec City, in December 2014.
Membrane filtration methods
The membrane filtration method was performed according to Maheux et al. () . Three 2 μL volumes of sewage water were diluted in 25 mL of distilled water and filtered on mixed cellulose ester filters (47 mm diameter, 0.45 μm pore size; Millipore Corporation, Billerica, MN, USA) with a standard platform manifold. The first filter was incubated on MI agar (MI; BD, Franklin Lakes, NJ, USA), the second filter was incubated on Chromocult ® coliform agar (Merck KGaA, Darmstadt, Germany), and the third filter was incubated on Compass CC agar (Biokar Diagnostics, Allonne, Beauvais, France) for 24 h ± 2 h at 35.0 ± 0.5 W C, before determining colony counts and color. Furthermore, all colonies were recovered for genotypic identification.
Each preparation of MI, Chromocult ® coliform, and Compass CC plates was tested for performance using pure cultures of target and non-target microorganisms, as recommended by the USEPA microbiology methods manual. Tests to confirm the sterility of the filter membranes and buffer used for rinsing the filtration apparatus were also performed (APHA/AWWA/AEF ).
Preparation of DNA extract for genotypic identification
DNA extracts of recovered colonies were realized using a bacterial suspension adjusted to a 0.5 McFarland standard (Fisher Scientific Company, Ottawa, Ontario, Canada).
The cells were lysed using the BD Diagnostics-GeneOhm Rapid Lysis kit as recommended by the manufacturer (BD Diagnostics-GeneOhm, Québec, Québec, Canada).
Genotypic identification
The identity of the colonies isolated on MI, Chromocult ® coliform, and Compass CC plates was confirmed by nucleotide sequencing of 16S rRNA gene using amplification and sequencing primers: SSU27 (5 0 -AGAGTTTGATCMTGGCT-CAG-3 0 ) and SSU534R (5 0 -ATTACCGCGGCTGCTGG-3 0 ). the present study showed the lack of correlation between test methods based on the same enzymatic principle to recognize a strain as non-E. coli total coliform. Indeed, our results showed that there is a weak correlation between the three methods tested either within the same genera or the same species. Since all colonies of the present study were isolated from the same water sample and treated in the same way (filtration, incubation, etc.), the difference observed in the population of strains detected by each method cannot just be attributed to environmental factors.
The composition of each medium is also involved. This result is in accordance with Maheux et al. (b) , who showed that the E. coli detection is influenced by the composition of the medium.
Growth of atypical colonies
All atypical colonies, also called background heterotrophic terms of membrane filtration methods. Medium must also be prepared and quality control carried out for each batch.
Employees already using membrane filtration equipment can easily use these methods.
In terms of affordability, all three methods are comparable. Indeed, the cost of medium and the cost associated with employees is more or less the same.
CONCLUSION
In this study, we compared the MI agar, Chromocult ® coliform agar, and Compass CC agar methods in terms of specificity, sensitivity, and their ability to limit the growth of atypical colonies using a sewage water sample. To our knowledge, this is also the first report regarding identification of background heterotrophic bacteria growing on these media. We showed that the use of the MI agar method seems to be the best option for the assessment of water quality by total coliform and E. coli detection.
Indeed, globally, MI agar is more specific, more sensitive, and more able to limit the growth of atypical colonies than Chromocult ® coliform and Compass CC agar. Furthermore, given the low level of specificity of these methods for the detection of total coliforms, confirming the identity of total coliform colonies could help in taking public health decisions, in particular for cities connected to a public drinking water distribution system since the growth of few putative total coliform colonies on chromogenic agar is problematic and can lead to unnecessary and costly boiling notices from public health authorities.
The results obtained in the present study were obtained using sewage water samples. Results could differ with other types of water.
